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Objective: The purpose of this study was to evaluate factors associated with chronic pain 
in survivors of a large fire, including those with and without burn injury. 

Methods:This study employed a survey-based cross-sectional design to evaluate data from 
survivors of The Station nightclub fire. The primary outcome measure was the presence 
and severity of pain. Multiple linear regressions with a stepwise approach were used to 
examine relationships among variables. Variables considered included age, gender, mari- 
tal status, burn injury, total body surface area, skin graft, pre-morbid employment, time 
off work, return to same employment, depression (Beck depression inventory, BDI), and 
post-traumatic stress (impact of event scale - revised). 

Results: Of 104 fire survivors, 27% reported pain at least 28 months after the event. Mul- 
tiple factors associated with pain were assessed in the univariate analysis but only age 
(p = 0.012), graft (p = 0.009), and BDI score (p < 0.001 ) were significantly associated with 
pain in the multiple regression model. 

Discussion: A significant number of fire survivors with and without burn injuries experi- 
enced chronic pain. Depth of burn and depression were significantly associated with pain 
outcome. Pain management should address both physical and emotional risk factors in this 
population. 
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INTRODUCTION 

Burns are associated with a significant amount of pain during the 
course of acute care and rehabilitation. Pain has been reported 
up to 7-12 years after initial injury for a subset of burn patients 
(1-3). To date, there is limited data regarding the prevalence 
and characteristics of chronic pain in burn patients, and almost 
no information regarding pain in fire survivors without physical 
injury. 

Chronic pain is a complex phenomenon involving sensory, 
physiologic, and cognitive-behavioral components. Chronic pain 
states are thought to be secondary to molecular and structural 
reorganization that occur as a result of changes in the sensitivity 
of the nociceptor peripheral terminal (peripheral sensitization), as 
well as augmentation of nociceptive synaptic transmission in the 
dorsal horn of the spinal cord and brain-related pain processing 
areas such as thalamus, cingulate gyrus, and insula (central sensiti- 
zation) (4-6). Such mechanisms contribute to altered pain thresh- 
olds; pain may be experienced clinically as sensory abnormalities 
including hyperalgesia, hyperpathia, or allodynia (5, 6). 

Psychological factors are closely associated with the devel- 
opment and perpetuation of chronic pain states. Emotional 



experiences can induce neurophysiological changes in important 
modulating areas of chronic pain, such as the primary motor cor- 
tex. It has been recently shown that catastrophizing thoughts are 
associated with changes in corticospinal excitability in patients 
with chronic pain (7). 

Chronic pain in fire survivors presents a unique challenge 
to medical practitioners in that we have yet to fully understand 
the physiological and psychosocial factors that contribute to pain 
phenomena in this population. Therefore, research that includes 
long-term follow-up of burn survivors is imperative since medical 
literature reports that although pain due to burn injury is a well- 
described clinical finding and one of the highest research priorities 
in the field, it remains undertreated (8). The recognition of factors 
that contribute to chronic pain can provide a foundation, which 
medical practitioners can use to guide their treatments. 

Experiences of chronic pain appear to be variable among burn 
survivors, and range from discomfort at the scar site, to focal or 
generalized neuropathic-like pain and altered sensation (2, 8, 9). 
Fire survivors are often subject to significant emotional trauma 
related to the event itself (10). It is estimated that 20-45% of 
burn survivors experience post-traumatic stress disorder (PTSD), 
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associated with delusional memories, nightmares, and pain (11). 
Schneider et al. demonstrated emotional trauma to be more sig- 
nificant than physical injury in predicting long-term impairments 
in quality of life for survivors of The Station nightclub fire (12). 

The Station nightclub of West Warwick, Rhode Island caught 
fire during an indoor rock concert on February 20, 2003, after 
pyrotechnic sparks ignited the stage. Of the estimated 462 people 
in attendance, 100 people died and 230 were injured from burns, 
smoke inhalation, and trampling ( 1 3 ) . One of the deadliest fires in 
American history, this catastrophic event provides a unique plat- 
form to evaluate relationships between pain, physical trauma, and 
emotional impairment. The objective of this study was to evaluate 
factors associated with chronic pain in survivors of a large fire. 

MATERIALS AND METHODS 
PARTICIPANTS 

We employed a cross-sectional study design to evaluate data from 
survivors of The Station nightclub fire. All persons in attendance 
at The Station nightclub on February 20, 2003 were eligible for 
inclusion. There were no explicit exclusion criteria. The Partners 
Human Research Committee approved all procedures utilized in 
this study. 

PROCEDURES: RECRUITMENT AND SURVEY DESIGN 

Subjects were recruited from June 2005 to October 2007. Partici- 
pants were asked to complete a survey consisting of 130 questions 
pertaining to demographic, medical, psychological, social, and 
occupational status. Details regarding the full recruitment process 
and questionnaire are presented in Schneider et al. (12). 

MEASURES 

The primary outcome measure in this dataset analysis was the 
presence of pain, as assessed by the visual analog scale (VAS). All 
subjects were asked to assess their level of pain using a horizontal 
axis scaled from 0 to 10, corresponding to "no pain," and "worst 
pain imaginable," respectively. 

Independent variables selected from the survey included demo- 
graphic, medical, and psychosocial characteristics. Demographic 
characteristics included age, gender, and marital status. Medical 
characteristics included the presence of burn (yes/no), as well as 
the severity of burn, measured by percentage of total body surface 
area (TBSA: 0, 1-20, >21%), skin grafting (yes/no), and medica- 
tions used. Psychosocial characteristics included employment and 
psychological impairment. Specifically, participants were asked 
if they were employed or in school prior to the fire, duration 
of time off from work or school as a result of the fire, and 
whether or not they were able to return to the same occupation 
after the fire. Degree of psychological impairment was assessed 
using the Beck depression inventory (BDI) and impact of event 
scale - revised (IES-R) to evaluate for symptoms of depression 
and post-traumatic stress, respectively. 

DATA ANALYSIS 

Statistical analyses were performed using STATA/IC 12 (StataCorp 
LP, TX, USA). The first step of modeling involved the selection of 
covariates. Univariate analysis was performed for each of the pre- 
dictors using linear regression with only one variable, from which 



values for the unadjusted |3 coefficients, p values, and 95% con- 
fidence intervals (CIs) were obtained. Next, a stepwise multiple 
regression with a manual backward elimination approach was used 
to arrive at the most parsimonious model; all variables with a p 
value <0.05 in the univariate analyses were included initially. Dur- 
ing the modeling process, the variable with the highest p value was 
eliminated from the maximum model, conditioned on the p value 
being larger than the pre-determined level of 0.05. After evaluat- 
ing the fit of the reduced model, the next variable with the highest 
non-significant p value was removed. This process was continued 
until no additional variables could be eliminated from the model. 
In order to avoid excluding non-significant confounders, each of 
the excluded variables were examined by adding them individually 
to the model; confounding was defined by changes of > 10% in the 
P coefficient. Any variable identified as an important confounder 
or clinically relevant was forced into the final model. 

As a final consideration, an interaction term was constructed 
for each paired combination of significant variables from the final 
multiple regression model. This identified whether or not the 
simultaneous influence of the two variables on the remaining vari- 
able was additive. An additional regression analysis was performed 
using an interaction term created from all of the three significant 
predictors to evaluate higher order interactions. 

RESULTS 

CHARACTERISTICS OF THE STUDY SAMPLE 

Of the estimated 462 people in attendance at The Station night- 
club at the time of the fire, 362 people survived (12, 13). The 
recruitment process identified 144 eligible participants, of which 
104 people completed the survey. 

Demographic, medical, and psychosocial characteristics of 
respondents are presented in Table 1. At the time of the fire, 
survivors ranged in age from 19 to 57 years; the mean age was 
32 and the mode was 39 years. Almost one-half (47%) experi- 
enced a burn injury, of which the most common size was <20% 
TBSA (59%), followed by 21-40% TBSA (27%). The most com- 
mon areas burned included the head (75%) and upper extremities 
(65%) . Twenty-nine percent of people who sustained a burn injury 
received a graft. Nearly all participants were found to exhibit some 
degree of depressive symptoms, with a minority of survivors (22%) 
reporting moderate to severe symptoms. Nearly one-half (49%) of 
survivors were identified as having moderate to severe symptoms 
of post-traumatic stress. Survey of employment status demon- 
strated that 34% of survivors returned to full-time work after the 
fire, with 80% returning to their pre-morbid occupation. Time off 
from work was variable, ranging from a leave of absence of 1 week 
(30%) to more than 1 year (16%). 

Pain characteristics of the study sample are demonstrated in 
Table 2 and Figure 1. Of the 104 participants surveyed, 27 people 
(27%) reported pain (VAS from 1 to 10); the average pain score 
was 3.1 ±2.6 (mean±SD). Pain among subgroups of patients 
with varying burn characteristics was further analyzed. Of those 
14 survivors who underwent grafting due to burn, 71% reported 
pain at the time of the study. This was nearly double the percent- 
age of burn survivors without grafts who experienced pain (37%). 
Of those grafted patients with pain, the mean VAS pain score was 
3.4 ±2.9, with an average VAS score of 2.4 ±2.9 for all grafted 
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Table 1 | Characteristics of study sample. 
Category Characteristics 

Demographic Gender 
Female 

Age at time of fire, mean years (SD) 
Marital status 
Married or long-term partner 

Medical Survivors with burn injury 

Total body surface area burned 
<20% 
21-40% 
>40% 
Graft 

Psychiatric Depressive symptoms (BDI) b 
Minimal 
Mild 

Moderate 
Severe 

Post-traumatic stress symptoms 
(IES-R) C 

Subclinical 

Mild 

Moderate 
Severe 

Employment Pre-morbid employment 

Full-time 

Part-time 

Student 

Unemployed 

Not specified 
Employment after fire 

Full-time 

Part-time 

Unemployed 

Not specified 
Return to same job post-fire 
Time off work 

1-7 days 

1-3 weeks 

1-5 months 

6-12 months 

>1 year 



Number (%), 
n = 104 a 



40 (38%) 
32.4 (7.2) 

94 (90%) 
49 (47%) 

29 (59%, n = 49) 

13 (27%, /i = 49) 
7 (14%, n = 49) 

14 (29%, n = 49) 

66 (63%) 

9 (9%) 
14 (13%) 

9 (9%) 



22 (21%) 
29 (28%) 

23 (22%) 
28 (27%) 

83 (80%) 
9 (9%) 
5 (5%) 

3 (3%) 

4 (4%) 

35 (34%) 
9 (9%) 
12 (12%) 
48 (46%) 
83 (80%) 

31 (30%) 

17 (16%) 

18 (17%) 
12 (12%) 
17 (16%) 



"Percentages are relative to total number of study participants (n= 104), unless 

otherwise indicated. 

b BDI, Beck depression inventory. 

C IES-B, impact event scale - revised. 

survivors. Non-grafted burn patients with pain were found to have 
a mean VAS pain score of 3.0 ± 2.5, with an average VAS score of 
1.1 ±2.1 for this group overall. Only 4 of 50 participants with- 
out burn reported pain, with an average VAS score of 3.0 ± 2.8; of 
these, 1 patient was noted to have sustained a crush injury. The 
mean VAS pain score for all survivors without burn was 0.2 ± 1.1. 



Table 2 | Pain characteristics of study sample. 

Characteristic 

Fire survivors 
Unknown level of pain 
Pain, VAS 1-10 
No pain, VAS 0 

Mean VAS, all fire survivors with pain (SD) 

Burn with graft 
Pain, VAS 1-10 
No pain, VAS 0 

Mean VAS, grafted survivors with pain (SD) 
Mean VAS, all grafted survivors (SD) 

Burn without graft 
Pain, VAS 1-10 
No pain, VAS 0 
No response 3 

Mean VAS, non-grafted survivors with pain (SD) 
Mean VAS, all non-grafted survivors (SD) 

No burn 
Pain, VAS 1-10 
No pain, VAS 0 
No response 3 

Mean VAS, non-burn survivors with pain (SD) 
Mean VAS, all non-burn survivors (SD) 



Number (%) 

104 
3 

27 (27%) 
74 (73%) 
3.1 (2.6) 

14 (29%) 
10(71%) 
4 (29%) 
3.4 (2.9) 
2.4 (2.9) 

35 (71%) 
13 (37%) 
21 (60%) 
1 (3%) 

3.0 (2.5) 

1.1 (2.1) 

50 (51 %) 
4 (8%) 

28 (56%) 
18 (36%) 
3.0 (2.8) 
0.2 (1.1) 



' Considered equivalent to VAS 0 for purposes of mean calculation. 



Survivors with 
burn injury 



47 %P 




FIGURE 1 | Flow chart of survivors with burn injury. "Three percent of 
burn injury survivors who did not receive a graft did not respond. 



UNIVARIATE AND MULTIVARIATE ANALYSIS 

The results of the univariate analysis are presented in Table 3. 
The variables that were significantly associated with VAS pain 
score included: age (p = 0.009), burn injury (p = 0.012), graft 
(p = 0.006), time off work (p = 0.001), return to same employ- 
ment (p< 0.001), BDI score (p < 0.001), and IES-R score 
(p < 0.001). Marital status (p = 0.920), gender (female, p = 0.655), 
pre-morbid employment (p = 0.131), and TBSA (p = 0.577) were 
not found to be significant predictors. All significant variables 
were included for consideration in the model. Although not itself 
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Table 3 | Univariate analysis of pain outcome with multiple covariates. 



Predictor p coeffi- 95% CI Unadjusted 





cient 




p value 3 


Age 


0.08 


0.02-0.15 


0.009 


Female 


-0.22 


-1.17 to 0.74 


0.655 


Marital status 


0.02 


-0.34 to 0.38 


0.920 


Burn 


1.17 


0.27-2.07 


0.012 


Total body surface area % 


-0.01 


-0.04 to 0.02 


0.577 


Graft 


-1.67 


-2.84 to -0.49 


0.006 


BDI 


0.09 


0.06-0.13 


<0.001 


IES-R 


0.04 


0.02-0.05 


<0.001 


Pre-morbid employment 


0.54 


-0.16 to 1.24 


0.131 


Return to same employment 


2.08 


1.06-3.10 


<0.001 


Time off from work 


0.51 


0.20-0.82 


0.001 



'Statistically significant defined as p< 0.05. 
BDI, Beck depression inventory. 
IES-R, impact event scale - revised. 

significant, gender was forced into the model due to its pre- 
viously reported association with psychiatric outcomes in burn 
patients (14-16). 

Table 4 displays the results of the stepwise multiple regression. 
Amongst the eight variables identified by the univariate analyses, 
five variables were eliminated through the model building process. 
The final model (Model 5) yielded the following significant pre- 
dictors: age (p = 0.012), graft (p = 0.009), and BDI (p < 0.001). 
Similar data variability of 36-41% was seen between models; the 
final model produced an R 2 of 0.38, indicative of its ability to pre- 
dict 38% of the variability amongst pain scores. No confounders 
were identified for the three variables that remained significant in 
the final model. 

In order to test if there was a synergistic effect between predic- 
tors, paired and higher order interaction terms were forced into 
the model. Table 5 shows the results of the paired interactions for 
age and BDI, age and graft, and BDI and graft. A trend toward sig- 
nificance was noted for the interaction between age and depression 
(p = 0.052), as well as age and graft (p = 0.072). Similarly, there 
was found to be a trend toward significance of p = 0.057 for the 
three-way interaction between age, graft, and depression. Only the 
interaction between graft and depression was shown to be highly 
significant (p = 0.003) relative to VAS pain score. 

DISCUSSION 

This survey of 104 survivors of The Station nightclub fire pro- 
vides a unique opportunity to study chronic pain in individuals 
exposed to the same traumatic event. The findings suggest that 
pain in these subjects may be related to age, graft, and depressive 
symptoms. In addition, there was observed to be an interaction 
between graft and BDI score. The final model was able to explain 
38% of the variability among pain scores. 

BURN INJURY AND PAIN 

This study found that fire survivors who sustained physical burn 
injury were more likely to report pain 28-56 months after the 
event, compared to those without burn. Burn size, as measured by 



total body surface area, was not a significant predictor of pain. Sur- 
vivors who received grafts reported higher VAS pain scores than 
burn patients without grafts. 

One possible explanation for the relationship between pain and 
grafting may be related to the physiology of the burn injury itself. 
The size of a burn alone is an unreliable indicator of clinical burn 
severity, since it is not uncommon for a given injury to contain 
regions of different depths. The requirement for skin grafting, 
however, may more accurately approximate deeper or more com- 
plex injury (17-19). The deeper the burn, the more progressive the 
structural damage to the dermis and underlying tissues. Deeper 
injuries heal more slowly, are more difficult to treat, and are more 
likely to be associated with local and systemic complications (20). 

In deep burn injuries, all types of nociceptor afferents are 
affected, including both large-diameter, small myelinated, and 
unmyelinated C-fibers (3, 8). In grafted tissue, there may be pref- 
erential loss of large fibers (3), with deeper C-fibers capable of 
responding to pain to varying degrees (21). Damage to tissue 
surrounding a burn, either due to natural wound progression 
or as a consequence of medical intervention, may also result in 
peripheral nerve damage (3, 22). As neuronal cell regeneration 
occurs, an altered chemical milieu further contributes to abnormal 
excitability (3, 21). 

Persistent, abnormal stimulus from the periphery contributes 
to changes in the central processing of pain and sensation (5, 6). 
These alterations may be transient in nature; Volz et al. recently 
demonstrated that, when one hand is exposed to increased sensory 
stimulation, pain threshold increases on the side of stimulation 
and decreases in the contralateral, unprovoked hand (23). Changes 
in peripheral and central sensory processing may lead to cortical 
reorganization and structural changes (3, 8, 21, 24), factors which 
have been linked to the development of chronic pain (4-6). Tran- 
scranial magnetic stimulation studies have shown subjects with 
neuropathic pain to have defective inhibition of the primary motor 
cortex (25, 26). 

Studies of burn survivors have suggested that the co-occurrence 
of painful sensations and impaired sensibility are not uncommon, 
specially after deep burns and grafted injuries (1, 3, 8, 27). In 
one study of 121 burn survivors, patients with deep burns requir- 
ing skin grafts demonstrated decreased sensory perception by 
displaying significantly higher thresholds for pressure, discrim- 
inative, thermal, and pain modalities compared to individuals 
with superficial injury. Interestingly, sensory abnormalities were 
also seen in uninjured areas (8). Earlier, qualitative studies have 
noted similar findings. In a retrospective review of 60 grafted 
burn survivors, 97% of patients exhibited markedly diminished 
or absent response to various types of stimuli. Depth of burn was 
the best predictor of altered sensation, and non-grafted skin areas 
frequently recovered normal sensation (27). In multiple inves- 
tigations, patients frequently described subjective, neuropathic- 
like symptoms of pain, paresthesias, and pruritus up to 12 years 
post-injury (1-3, 9, 21, 27, 28). 

More recent studies have begun to elucidate the central neuro- 
pathic mechanisms that may contribute to chronic pain after burn. 
In one animal model, unilateral partial-thickness burn injury was 
noted to produce persistent bilateral allodynia associated with neu- 
ronal hyperexcitability and microglial activation in the spinal cord 
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Table 4 | Stepwise multiple regression analysis examining predictors of pain. 



Significant 
predictors 




Model 1 






Model 2 






Model 3 






Model 4 






Model 5 






p coeffi- 
cient 


95% CI 


p Value 3 


p coeffi- 
cient 


95% CI 


p Value 3 


p coeffi- 
cient 


95% CI 


p Value 3 


p coeffi- 
cient 


95% CI 


p Value 3 


p coeffi- 
cient 


95% CI 


p Value 3 


Age 


0.09 


0.02- 
0.16 


0.016 


0.09 


0.02- 
0.16 


0.014 


0.07 


0.01- 
0.14 


0.023 


0.08 


0.01- 
0.14 


0.020 


0.08 


0.02- 
0.14 


0.012 


Female 


-0.62 


-1.52 to 
0.28 


0.174 


-0.60 


-1.49 to 
0.30 


0.187 


-0.66 


-1.49 to 
0.18 


0.123 


-0.61 


-1.43 to 
0.22 


0.149 


-0.57 


-1.39 to 
0.26 


0.173 


Bum 


0.41 


-0.88 to 
1.70 


0.527 


























Graft 


-1.54 


-2.97 to 
-0.10 


0.037 


-1.57 


-3.00 to 
-0.15 


0.031 


-1.33 


-2.51 to 
-0.15 


0.028 


-1.21 


-2.36 to 
-0.06 


0.039 


-1.43 


-2.49 to 
-0.37 


0.009 


BDI 


0.03 


-0.04 to 
0.10 


0.439 


0.03 


-0.04 to 
0.10 


0.445 


0.05 


-0.01 to 
0.12 


0.093 


0.08 


0.04- 
0.12 


<0.001 


0.08 


0.04- 
0.12 


<0.001 


IES-R 


0.02 


-0.01 to 
0.05 


0.271 


0.02 


-0.01 to 
0.05 


0.252 


0.01 


-0.02 to 
0.04 


0.379 














Time off work 


-0.19 


-0.76 to 
0.38 


0.511 


-0.07 


-0.51 to 
0.36 


0.743 




















Return to same 
employment 


0.80 -0.82 to 
2.42 

Model 1 (R 2 =0.37) 


0.329 


0.62 -0.89 to 
2.13 

Model 2 (R 2 =0.36) 


0.417 


0.56 -0.65 to 
1.78 

Model 3 (fi 2 = 0.41) 


0.359 


0.47 -0.73 to 
1.66 

Model 4 (R 2 =0.40) 


0.438 


Model 5 (ft 2 =0.38) 





"Statistically significant defined as p< 0.05. 
BDI, Beck depression inventory. 
IES-R, impact event scale - revised. 
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Table 5 | Interaction analysis between pairs of significant predictors of 
pain. 

Significant predictors 3 {i coeffi- 95% CI pValue b 



cient 





Age 


0.01 


-0.08 to 0.10 


0.860 


Female 


-0.44 


-1.26 to 0.37 


0.281 


Graft 


-1.27 


-2.32 to -0.22 


0.018 


BDI 


-0.11 


-0.31 to 0.08 


0.261 


Interaction term (age and BDI C ) 


0.01 


0.00-0.01 


0.052 



Interaction 1 (R 2 = 0.41) 



Age 




0 


21 


0.05-0.37 


0 


009 


Female 




-0 


56 


-1.37 to -0.25 


0. 


175 


Graft 




3 


.31 


-1.97 to 8.58 


0 


215 


BDI 




0 


.07 


0.04-0.11 


<0 


001 


Interaction term 


(age and graft) 


-0 


.15 


-0.32 to 0.01 


0 


072 


Interaction 2 (R 2 


= 0.41) 
























Age 




0 


07 


0.01-0.12 


0 


028 


Female 




-0 


.37 


-1.16 to 0.42 


0. 


350 


Graft 




0 


39 


-1.17 to 1.95 


0 


619 


BDI 




0 


.19 


0.11-0.27 


<0 


001 


Interaction term 


(BDI C and graft) 


-0 


.13 


-0.22 to -0.04 


0 


003 


Interaction 3 (R 2 


= 0.45) 













"The same predictors from Table 4, Model 5 were adopted to build this model. 
b Statistically significant defined as p< 0.05. 
"BDI, Beck depression inventory. 



dorsal horn (24). Clinical studies have provided similar evidence 
of maladaptive neuroplasticity. Burn patients receiving transcra- 
nial direct current stimulation have been shown to demonstrate an 
overall decrease in cortical excitability characterized by an increase 
in intracortical inhibition and a decrease in intracortical facilita- 
tion and motor evoked potentials (29). Future research is needed to 
help correlate observed chronic pain phenomenon in fire survivors 
with pathophysiological changes. 

AGE AND PAIN 

Age was found to be a significant predictor of pain among fire sur- 
vivors. Despite the relatively young age range of the cohort, older 
age corresponded to higher pain scores. This is one of the first 
studies of pain in fire survivors to report such an association. In 
part, this maybe due to the fact that many previous studies of pain 
and cutaneous sensibility following burn have been qualitative in 
nature and may not have had adequate statistical power to detect 
an age-related effect. 

Several physical factors may predispose older individuals to 
develop a greater degree of pain following burn injury. Dermato- 
logic changes that occur with aging include decreased cutaneous 
perfusion, alterations in skin strata thickness, changes in collagen 
and elastin distribution and quality, and reduced lipid content (30, 
31). Age-related changes in proliferative response and inflamma- 
tory mediators may result in increased susceptibility to injury as 
well as a decline in wound repair (32, 33). In particular, older 



adults tend to suffer more severe burns at lower temperatures and 
in less time than their younger adult counterparts (33, 34). 

Experimental data on age-related changes in pain percep- 
tion have produced varied results. Some studies have shown 
that older individuals have enhanced pain sensitivity related to 
activation of pressure nociceptors in deep tissue (35-38). Other 
data have suggested age-related deterioration of endogenous pain 
inhibitory systems (39, 40). More recently, a comprehensive mul- 
timodal sensory approach was used to evaluate age-related pain 
sensitivity in a group of 40 individuals; results demonstrated a 
markedly increased temporal summation of heat pain in elderly 
individuals (38, 41). Temporal summation has been shown to 
be a centrally mediated process, thought to play an important 
role in pain amplification and the development of chronic pain 
conditions (38,42,43). 

While physical factors and differences in pain perception are 
certainly important factors in chronic pain development with age, 
their relevance is less apparent for this study sample. At the time of 
the fire, survivors ranged in age from 19 to 57 years, representing a 
relatively youthful population. The study design also attempted to 
control the variable age for TBSA or the presence of graft; thus, it is 
less likely that burn injury itself would be the mechanism to explain 
a greater degree of pain in older individuals. Additional investiga- 
tions are needed to evaluate factors that contribute to age-related 
chronic pain in fire survivors with and without physical injury. 

PSYCHOLOGICAL STRESSORS AND PAIN 

This study demonstrated an association between depressive symp- 
toms and pain scores among survivors of a large fire. This asso- 
ciation was more pronounced for individuals who underwent 
grafting. Although many survivors reported symptoms of post- 
traumatic stress, such symptoms were not found to be a significant 
predictor of pain when controlled for other variables. 

Chronic pain is a complex human experience that encom- 
passes physical, psychological, and sociobehavioral components. 
It is well-recognized that individuals with chronic pain have 
an increased incidence of anxiety and mood disorders (44-47). 
Although existing data are scarce regarding emotional disturbance 
in fire survivors without physical injury, it is not uncommon for 
burn survivors to report psychological symptoms. Studies have 
demonstrated prevalence rates of 7-46% for depression and 9- 
45% for PTSD up to lyear following burn injury (11, 48). In a 
retrospective study of 492 burn patients, symptom severity was 
significantly increased in those individuals who reported persis- 
tent pain up to 1 1 years after their injury. These patients were also 
found to recall higher levels of pain at rest, with dressing changes, 
and with physical activity during their acute care stay (48). 

Recent experimental models may offer some explanation for 
the association between emotional trauma and chronic pain phe- 
nomena. Functional MRI has shown that, following depressed 
mood induction, brain responses to noxious thermal stimuli are 
increased in multiple areas including the inferior frontal gyrus 
and amygdala (49). Other studies have demonstrated a signifi- 
cant correlation between catastrophizing thoughts and changes in 
motor cortex excitability ( 7 ) . In patients with burn injury, catastro- 
phizing thoughts and the development of mood disturbance may 
result in dysregulation of the neural circuitry underlying emotion 
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regulation; this could alter central pain processing and result in an 
amplification of pain perception (49, 50). 

Although this study suggests a relationship between depres- 
sion and chronic pain in fire survivors, the directionality of 
this relationship remains unclear. While not all survivors suf- 
fered burn injury, future investigation is needed to determine 
whether trauma-induced depression leads to pain amplification, 
or burn-related neuropathic pain leads to depressive symptoms. 

STUDY LIMITATIONS AND FUTURE CONSIDERATIONS 

A few limitations to the study are worth noting. Since only 104 of 
the estimated 330 survivors completed the survey, there is poten- 
tial for a selection bias. There is also a risk of a reporting bias 
with the use of a self-reported questionnaire. Since subjects com- 
pleted the questionnaire at different points in time, a comparison 
of long-term outcomes becomes more challenging. Furthermore, 
the cross-sectional study design precludes the evaluation of lon- 
gitudinal change and the determination of causal relationships. 
Additional limitations in study design are presented in Schneider 
etal. (12). 

While this study considered chronic pain as a function of VAS 
score, it may be more instructive to consider additional pain 
parameters, including location and sensory abnormalities. Other 
patient factors including pre-morbid pain and psychiatric char- 
acteristics, as well as pharmacologic intervention might also be 
considered. Since this was a self-reported questionnaire, duration 
and frequency of medication could not be appropriately collected. 

This study highlights the importance of long-term follow-up of 
fire survivors, including those without burn injury. Although fac- 
tors such as age and graft are non-modifiable, it is important to take 
into account that prompt intervention of depressive symptoms 
and post-traumatic stress could modify pain perception in this 
patient cohort. Understanding factors that contribute to chronic 
pain will help medical practitioners better care for their patients 
in the future. 
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